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| NTRCDUCTI ON

GAs based MESFETs and MMIC devices exhibit excellent electrical
performance in the X, Ka, and V band regions. However, these
devices nust also perform reliably for the duration of a space
m ssi on.

Reliability information about GaAs devices is scattered between
such nmedia as journals, papers, and conference proceedings

Thus , information about a specific devi ce cannot. be |ocated
efficiently. However , one nmedium to locate information
efficiently is an electronic database. A database could prove

to be a valuable tool to both the user and the rmanufacturer.

From failure trends in the database, one could analyze the
dat abase to asses devi ce reliability for a particul ar
appl i cati on. Such a database has been devel oped at JPL, and the
following is a description of its structure and a brief summary
of its contents and capabilities.

DATABASE COVPCSI T1 ON:_

The database consists of two main sections, the data references
and the device reliability records. The reference section
contains 8 fields: ref erence nunber, date of publication,
aut hors, article title, publ i sher, volune, and page nunbers.
The device section consists of 53 fields (Table 1) structured

into two nmin groups. The first group contains infornmation
about the data source, manuf act ur er, devi ce type, devi ce
speci fications, device structure, process technol ogy, chip
nmounting technique, and packaging. The second group contains

information regarding sanple size, screening, and test type.
The test t. ype information can be further divided into four

subgr oups: storage test, DC life test, RF Ilife test, and
radi ation test. Each subgroup contains information about the
fai lure criteria, test time and results, test tenperature,

associated activation energy, failure node, failure mechanism
and failure analysis nethod.
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When working wth the database, three tasks are generally
considered: appending data, editing data, and searching for
data . To make the database nore user friendly, a user interface
was added to make these tasks nmore efficient.

DATA ANALYSIS:

Reliability data from 50 references [1..50] was conpiled into
the database formng 100 records. A prelimnary analysis of the
data was conduct ed. The information presented below reflects
the current content of the database.

Gate Metallization and Structure:

Gate metallization is a mj o reliability concern for GaAs

devi ces. There are two commpn gate metallization materials, Al-
based and Au-based.

Al-Based Schottky Gates:
Surface Effects:

Tenmperature cycl ing tests of unpassivated A gate devi ces
indicate a rapid decrease in ldss and g, This is explained by
the thinning of the active channel due to electrolytic corrosion
[(14). However, passivating the device surface with SiO,has
been reported to cause a rapid increase of the gate |eakage
current. ‘I"his increase in | eakage current was attributed to the
netallic mgration via electrolytic paths which form a netallic
bri dge between the source and gate.

In a conparative study, both unpassivated power MESFETs and
MESFETs with a CVD $i0, passivation |ayer were subjected to gate
reverse ‘bias tests. Both types of MEsFETs suffered from out put
power reduction. The failure nechanism for the wunpassivated
devices was identified as release of free arsenic while the
failure mechanism for the $i0), passivated devices was described
as strong oxidation which erodes the channel surface . In the
same study, MESFETs with PECVD Si3zN4 protection |ayer showed no
out put power decrease due to gate reverse bias stress [12].
However, these findings were contradicted in another reliability
study which uses both gate reverse bhias and RF life test. The
results of this new study indicated that MESFETs with Siop
passivation are very stable when compared with Si3Nyg passivated
MESFETs [40].

Au/ Al Intermetallic Interaction:

Direct coupling between Al and Au metallizations can result in
an increase in gate resistance due to a netallurgical reaction
(purple plague). An RF life test on devices with Ti netal
sandwi ched between the Al and Au metallizations also showed a




substantial increase in the gate resistance. This increase was
attributed to the formation of an oxide or hydroxide of Ti [1]

Refractory Barrier Layer:

The reliability of Al gate devices can be improved by the

inclusion of a refractory  barrier between the Al gate
metallization and the semiconductor,. Storage tests on devices
with Al/Ni gates showed an increase in barrier height due to the
mgration of N into the Al film On the other hand, high

tenperature storage tests on devices wth a Ti. refractory
barrier showed a decrease in barrier height due to the fornmation
of Al3Ti [10].

Au-Based Schottky Gates:

Au/pPt,w, or Pd/Ti Schottky contact is the npst comopn gate

metallization structure. In this metallization structure, the
Ti provides a stable Schottky barrier and strong bond to the
GAs, and the Au provides low electrical resistance. Au is

known to diffuse at high rates into 7i, for this reason Pt, W
or Pd is used as a barrier between Au and Ti [39]

Surface Effects:

DC life tests of wunpassivated devices Ww th Au/Pt/Ti gate
structures indicate that the main failure nechanism is oxygen
diffusion into the active channel area formng deep level traps
[5]. In another reliability study of unpassivated power devices
with Au/W/Ti gates subjected to an RF life test, catastrophic
failures and a dramatic increase in reverse gate current at |ow
reverse bias voltage were attributed to surface contamination
[1]. High tenperature storage tests on Si3N4 passivated devices
with Au/Pt/Ti gates showed a decrease in breakdown voltage.
Transconductance neasurements on unstressed and stressed devices
showed this to be caused by the reduction of surface states
[15].

Refractory Barrier Layer:

Barrier height changes in Au/W/GaAs were shown to be larger than
those of Au/Pt/Ti/GaAs when subjected to a reverse bias test

[28] . DLTS and steady state |-V neasurenents have been reported
to indicate non-reactive interface states which increase wth
reverse bias aging. Reactive interfaces like Ti, Pd, Al, or O

are less prone to this aging effect.

Storage and DC life tests on devices with Au/pPt/Ti gates show
the dominant failure mechanisms to be diffusion-controlled

mgration of the gate netal i nto the sem conductor (gate
si nking) [25,8]. In this failure nechanism Au reaches the
sem conductor by mgrating around the edges of the gate fingers
or by diffusing along the main grain boundaries of the barrier

film The reduction in carrier density by Au diffusion can be
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attributed t.o carrier compensati on Of effec tive  channel
thi nni ng. The use of Wand rd barriers have also been report, ed
to result in sinmlar failure mechanism [2,11].

Gate Structure:

In order to reduce the gate resistance, ‘I|’-shaped structures are
wi dely used . This shape is chosen to increase the cross
sectional area of the gate which in turn reduces the gate
resi st ance.

Device burnout is initiated at the drain Ohnic contact edge due
tothe local high current density. Thus , the burnout. voltage
can be increased by adding a gate recess to thicken the active
layer under the drain nmetal and reduce the current density at

the drain nmetal edge. However, deeper recesses have been shown
to provide less contact area between the head and stem of the
gate . A theoretical structure simulation of T -shaped gates

showed a high concentration of stress in the area between the
head and stem This was confirmed in DC life tests perforned on
PHEMT devices with Au/Ti/Mo/Ti gates showing an increase in gate
resi stance and noise figure [6]

OChm c Contact Metallization:

Au-Ge/Ni is widely used as the OChnmic contact for Gaas based

devi ces. The increase in source and drain parasitic resistance
in devices with Au-Ge/Ni contacts has been attributed to contact

deterioration(19, 10, 16, 24], Ohm ¢ metal migration [32], and
the introduction of traps [20, 21]. The data indicates that

Chmic contact degradation is not the dominant failure nechani sm
of mature GaAs devi ces.

Radi ati on:

Several studies have shown Gaas devices to be radiation hard [3,
4, 17 . The superlattice buffer used in HEMTs has been shown to
further inprove the device radiation hardness [17] . Al so, it
has been shown that ion-implanted material is three to five
times nore susceptible to the introduction of radiation-induced
defects than epitaxial material [4].

SUMMARY :

SN

A GAs reliability database was devel oped. Anal ysis of the data
i ndicates GaAs devices to be relatively radiation hard. The
dominant fai lure mechanisnms reported in the literature are
netal -netal interdiffusion, netal -semconductor interdiffusion,
and electromigration. Table 2 shows the wde range of
activation energies associated with these failure mechanisms.
W intend to maintain this database current and use it as a
guide for determining the reliability of devices used on future
space mi ssions.
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Tabl e 1.

|V
iﬂ‘?RENCE NUMBER

TE OF PUBLICATION
MANUFACTURER
|bEvICcE TYPE
ELECTRICAL SPFX3FICATION
TOPOLOGY
GATE STRUCTURE
TECHNOLOGY
MATERIAL STRUCTURE
GATE METAL
OHMIC METAL
BACK SIDE METALLIZATION
BONDING PAI) METAL
SURFACE PROTECTION
MOUNTING TECHNIQUE
PACKAGE
HERMETIC (YES/NO)
SAMPLE SIZE
STORAGE LIFE TESTST (TRUE/FALSE) .
TORAGE LIFE TEST FAILURE CRITERIA
STORAGE LIFE TEST TIME/RFSULTS
STORAGE LIFE, TEST TEMPERATURE
ACTI VATI ON ENERGY_ST
FAILURE MODE-ST
STORAGE LIFETEST FAILURE MECHANISM
|METHOD OF FAILURE ANALYSIS_ST
DC LIFE TEST (TRUE/FALSE)
DCLIFE TEST CONDITIONS
DC LIFE TEST FAILURE CRITERIA

Dat abase Fi el ds.

DC ILIFE TEST TIME/RESULTS

DC LIFE TEST TEMPERATURE
ACTIVATION ENERGY_DCT

FAILURE MODE_DCT

DC LIFE TEST FAILURE MECHANISM
METHOD OF FAILURE ANALYSIS DCT
RF LIFE TEST (TRUE/FALSE)

RE Like 1EST CONDI TI ONS

R¥ LIFE TEST FAILURE CRITERIA

RF LIFE TEST TEMPERATURE

RF LIFE TEST TIME/RESULTS
ACTIVATION ENERGY_RFT

FAILURE MODE_RFT

RF LIFE TEST FAILURE MECHANISM
METHOD OF FAILURE ANALYSIS_RFT
RADIATION TESTING (TRUE/FALSE)
RADIATION TEST TYPE

RADIATION TEST CONDITIONS
RADIATION FAILURE CRITERIA
RADIATION TEST TIME/RESULTS
FAILUKE MODE_RT

RADIATION TEST FAILURE MECHANISM
METHOD OF FAILURE ANALYSIS RT




Table 2. Activation Energies of Different Failure Mechanisns.

Activation Failure Conment s Ref er ence
Energy (eV) Mechani sm _ o Number
1.8 Mgration of Ni into Al within the |Al/Ni gate ~— — [ 10
gate - _
1.6 | Formation of AlsTi within the gate.  |Al/Ti gate 10T
1.48 Metal lurgical reaction between Ti |Al/Ti gate 18
and GaAs -
2.0 Ohmic contact degradation (Ni/AuGe) Formed by alloying | 22
evapor ated Ni/AuGe
at 450°c for 2
i |
0.55 Gate netal electromigration | Al/Ti gate S22
1.3 '—-"| oxygen diffusion into the active |unpassivated -5
—.- .. . ——-lchannel .formng deep level traps _ _ |devi ce
1.6 Advance of the Schottky barrier into [Au/Pt/Ti gate 25
the channel __ . __ _ _
1.9 Gate sinking Au/Pt/Ti gate e 8
1.05 Generation of dislocation in the |InGAs channel of 20
strained msnmatched |ayer PHEMT devi ce
0, 85 Traps created due to exceeding the | PHEMT 20
___ ___|strain accomodation thickness
1 'Reduction in the_surface states . _|Si3N, passivation 15
1.6 Gate metal inter diffusion into the |Au/pPd/Ti gate T
GaAs e
1.79 Au diffusion into GaAs active |ayer |Au based 32
through the refractory metal refractory gate
1.03 Ohm ¢ metal migration AuGe/Ni/Au Chni ¢ 32
e - |comtact.
_1.34 . Sinking gate _ .. _ ___ ___ 21
1.2 Gate met al di ffusion into t he 26
channel — L .. -— T e ]
1.7 Increase in source parasitic | AuGeNi/Au Ohm ¢ 24
resi stance S - contact .
0.73 Electromigration Au strip line on 31
- [001] s.1.GaAs
F- X-- - Surface contamination - Unpassi vat ed 1
0.88 Inter diffusion of the gate metal 21
into AGAs  _ _ ___ R —
1.4 ohmic contact degradation AuGeNi (HEMT) 2T
1.5 Creation of traps in AlAs Or GaAlAs | laser processed 21
| ayers . HEMT




